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Introduction: Circularly polarized millimeter-wave antennas — Concept 


% Circularly polarized millimeter-wave antennas :: Key Benefits 


> Broadband 





> High gain 
> More flexibility in the orientation of transmitting and receiving antennas 


> Ability to resist multipath effects, polarization mismatch and climatic 
problems (1.e. rain or snow) 


> Attractive solution for 5G Communication Networks 


ser 


% Potential new band: 28GHz % Advantages: 
(Local Multipoint Distribution Service band v~ Wider MM-waves frequency bandwidth 
in the USA) v High speed data rates 


v Capacity increase 





Introduction: Circularly polarized millimeter-wave antennas — Concept 





“* Circularly polarized millimeter-wave antennas with planar configuration: 


v Ease of excitation v High radiation efficiency 


V Low cost 


% Circularly polarized millimeter-wave antennas with 3D configuration: 


VY Ease of excitation VY High radiation efficiency 


v Low cost v Higher gain performance 


v Wider frequency band 








Introduction: Circularly polarized millimeter-wave antennas — Concept 


Goal 


> 


> 





Design of a circularly polarized 3D millimeter-wave array antenna 
Works at 30 GHz 
High gain performance 


Wide bandwidth 


Optimum design for 5G Communication Networks 





% Methods for realizing a CP beam antenna: 


Polarizers Single-feeding Multi-feeding 


3D FSS Polarizer S shaped impedance matching network ES CP — Anticlockwise flow 
on RHCP 


[Port å] 


A | | byl, 66.2.0 
Linearly N | + 
polarized Lot 14,7280 1 à 

wave 2 | i A WWW> TETT poe no | 

— N Ao Cor 
h | Circularly | Aa | A4, 
z 7 t : Y à Sol A 


Aa. polarized 50 0 
| wave Connnected to SMA Connnected to the FE 
antenna 


# \ 


xX ¢ S WWW> connector 


ais 









M. Akbari, S. Gupta, M. Farahani, A. R: Sebak, T.A. Denidni, “Analytic study on CP enhancement of millimeter wave DR and patch subarray antennas, International journal of RF and 
microwave computer-aided engineering. Vol. 27. Issue 1. Januarv 2017. 











“* Circularly polarized helical antenna 


> [M. Mantash et al., 2017] 


== Simulation-Helix-Free space 
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% Circularly polarized array antenna with multi-feeding 
> [M. Akbari et al., 2016] 
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Microstrip feed 
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v Total gain at 30 GHz: 


v Impedance BW: 35.72% (RHCP), 46.56% (LHCP) 


v Single element antenna: 7.6 dB 
v 2x2 array: 12.44 dB 


v AR <3 dB: 29.3% (RHCP), 42.9% (LHCP) 
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Antenna array design 


+} 


Multi-feeding 


“* Proposed methodology: 





Helical Antenna 





™ Metal 
™ Rogers RO3006 







Axial-mode 
Helix (RHCP) 


Proposed 3D Antenna Array 


Ground plane 
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Antenna Array Design 





Side view Bottom view 


CP-Anticlockwise (RHCP) 
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Proposed MMW antenna array 1-element 5G antenna array 


(dimensions in mm) 
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Sequential feeding 
network 


> Composed of four-elements, every element includes a helical coil and a 


rectangular patch. 


> RO3006 substrate (permittivity 6.15 & thickness of 0.6 mm). 


> The overall size of the antenna is 25 mm x 25 mm. 


> The cascaded power dividers are designed to generate a sequential phase 
distribution of 0°, 90°, 180°, and 270° for the four array elements. 
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Antenna Array Performance 





¢* Return loss 
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Reflection coefficient (dB) 
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Frequency (GHz) 


CST simulation Simulated reflection coefficient 


> Matching bandwidth from 26.4 GHz to 34 GHz. 


> Fractional bandwidth of: 25.1%. 








+ Radiation Pattern 


> Possesses the characteristics of RHCP at 30 
GHz. 


> The helix and the parallel feeding are 
designed in the anti-clockwise direction. 





Normalized simulated radiation patterns in 
the y-z plane 





Antenna Array Performance 





% Realized gain 


— Axial ratio 
== Realized gain 
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> Realized gain > 6 dB over band [24GHz — 30 GHz]. 


> Maximum realized gain value: 11 dB at 27 GHz. 


> Enhancement gain of 3.8 dB was achieved using the array by comparing with the 
one-element antenna. 
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Conclusions 





> 


> 


A helical MM-wave antenna array for 5G applications is proposed. 


In order to enhance the bandwidth, gain and CP bandwidth, a parallel feeding 
technique is used. 


The proposed spiral element consisted of just a one-turn left-hand helix in a 
counter-clockwise direction, in order to keep the same orientation of the 
sequential feeding network. 


The proposed antenna array covers the band [25-33.5 GHz] resulting in a 
matching bandwidth of 7.5 GHz (25.6%) with high gain. 


Achieved maximum gain of 10.3 dB at 30 GHz. 


Axial ratio less than 3 dB from 27 to 33.5 GHz (27.8%). 


The antenna array can be a good candidate for any wireless device at MM- 
wave frequencies. 
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